The dependence of the gain on the pump power level was measured. With increasing pump power P the gain first increased approximately linearly (L1G~AIL1P~3 dB/1 dB) towards a maximum level, whereas T pA continued to increase.
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Superconducting properties of in situ formed Cu-V 3Ga composites J. Bevk, F. Habbal, C. J. Lobb, and James P. PACSnumbers: 74.70. Ps, 74.70.Dg, 74.70.Lp, Out of many high-temperature and high-field superconducting materials, only two (Nb 3 Sn and V 3 Ga) are currently being developed as practical multifilamentary composites. The A 15 structure and the intrinsic properties of these two intermetallic compounds are well understood and are in many respects quite similar. 1.2 Although V 3 Ga has a lower transition temperature Te than Nb 3 Sn, its superior current-carrying capacity at high fields (> lOT) 3-5 makes it attractive for those applications where achieving high magnetic fields is of crucial importance.
In spite of the efforts to optimize the performance of practical superconductors, neither Nb 3 Sn-nor V 3 Ga-based composites have so far lived up to their expectations. V,Ga composites, in particular, exhibit relatively low critical-current densities at low fields, 2 and both materials, because of their brittle nature, suffer from pronounced stress and/or strain sensitivity, leading to an irreversible degradation of critical-current density J e • These and other problems arising primarily from difficulties in materials processing stimulated developmen t of various techniques for in situ formation of superconducting filaments. Since the early work on CU-NbSn composites, 6 a number of authors 7-10 demonstrated that the critical-current density in these composites is comparaa)Present address: Bell Laboratories, Murray Hill, N.J. 07974. ble to that of conventional conductors. In addition, the original reports of their superior mechanical behavior 7 and have been confirmed by other investigators 11.12 and have been shown to be a common characteristic of the ultrafine filamentary composites. 13 In contrast to the rather extensive efforts to develop CuNb and Cu-Nb-Sn in situ composites, only one attempt to produce Cu-V -Ga filamentary composites by the in situ approach has been Jeported in the literature. 14 The criticalcurrent densities in a variety of composites prepared under different experimental conditions (Fig. 1) were somewhat inferior to conventional Cu-V 3 Ga conductors. Similarly, the superconducting transition temperatures were found to be 2-3 K lower than values reported for bulk V 3 Ga compounds. 15 We have recently reassessed the factors which govern the formation of V 3 Ga compounds and concluded that there are no intrinsic reasons to prevent the fabrication of highquality Cu-V 3 Ga composites by the in situ approach. Our preliminary results, reported in this paper, demonstrate that the critical temperature Te and the upper critical field He2 of in situ conductors can be as high as the best values reported for bulk V 3 Ga. Their transport properties are comparable to those of the conventional composites, and, furthermore, their remarkable mechanical properties 16 make them attractive for high-stress applications. The samples used in the present study were prepared by induction melting bulk copper and vanadium in a watercooled copper crucible. The purity of the starting elements was 99.99% or better. The cast alloy, about 12 g in weight, with nominal composition Cu-20 vol. % V, was then swaged and cold drawn to wire 0.25 mm in diameter. Shorter pieces of wire were coated with gallium by conventional techniques and annealed in vacuum for various lengths of time at temperatures ranging from 450 to 600 ·C.
The microstructure of the as-cast alloys and of mechanically reduced composites very much resembled that observed in the Cu-Nb composites prepared by a similar technique. \3 The filaments had a characteristic ribbon like shape and were '" 1000-2000 A thick and -1-2 f.l wide.
Small filament thickness is clearly desirable because it allows short annealing times at relatively low temperatures.
Superconducting properties were measured in two sets of specimens. The first set (A) was coated with 12.4 wt. % of gallium (about twice the amount necessary to transform all vanadium into stoichiometric V 3 Ga compound) whereas the second set was coated with slightly less than the amount corresponding to the stoichiometric composition. All samples reported in the present paper were reacted in a two-step diffusion process consisting of a five-day anneal at 450 ·C followed by a one-day anneal at 590 ·C.
The superconducting transition temperature Tc was measured resistively using the standard four-probe technique, for one sample from each set. Tc is defined as the temperature at which the sample reaches one-half the normal-state resistance. The transition width .J Tc is taken as twice the temperature interval over which the sample resistance changes from one-quarter to three-quarters of the normal-state resistance. Both samples had aTe of15.5 K at zero field;.J Te , however, was only 0.25 K for the sample from set A compared to 0.6 K for set B. The values of Te are among the highest reported in the literature 15 and indicate that high-Te stoichiometric V 3 Ga can be grown at relatively low temperatures in the presence of a copper matrix.
The upper critical field He2 was determined by observing a resistive transition while sweeping the field in a Bittertype solenoid capable of producing 23.6 T. At current levels of 5 mA, .JH e2 was typically 0.8-1.0 T. Alternatively, for type-II superconductors where the flux-pinning force at high fields is limited by plastic shearing of the flux-line lattice, 17 the critical-current density obeys the following relationship; clusion is also consistent with the critical-current measurements shown in Fig. 1 . Critical current was measured in a transverse magnetic field at 4.2 K. J c is defined here as the current density at which the potential drop across the voltage leads (spaced 5 mm apart) exceeds lllV. High values of critical current density at low fields (2 X 10 5 A/ cm 2 at 4 T) indicate strong flux pinning and can be attributed to the small filament size and the relatively-low-temperature anneal which allows small grain size. Similarly, high overall critical-current densities at fields close to Hc2 (10 3 A/cm 2 at 21 T) are indicative of uniformly high quality of superconducting filaments.
The present work clearly demonstrates that high-field Cu-V3 Ga composites can be prepared successfully by the in situ approach. The J c values reported here have not yet been optimized and can certainly be further improved by choosing an optimum combination of material processing parameters. In particular, low-field J c values which are already very high should significantly increase upon further composite reduction.
